Norwalk virus in water was found to be more resistant to chlorine inactivation than poliovirus type 1 (LSc2Ab), human rotavirus (Wa), simian rotavirus (SAll), or f2 bacteriophage. A 3.75 mg/liter dose of chlorine was found to be effective against other viruses but failed to inactivate Norwalk virus. The Norwalk virus inoculum remained infectious for five of eight volunteers, despite the initial presence of free residual chlorine. Infectivity in volunteers was demonstrated by seroconversion to Norwalk virus. Fourteen of 16 subjects receiving untreated inoculum seroconverted to Norwalk virus. Illness was produced in four of the eight volunteers and in 11 of 16 control subjects. A similar Norwalk virus inoculum treated with a 10 mg/liter dose of chlorine produced illness in only one and failed to induce seroconversion in any of eight volunteers. Free chlorine (5 to 6 mg/liter) was measured in the reaction vessel after a 30-minute contact period. Norwalk virus appears to be very resistant to chlorine which may explain its importance in outbreaks of waterborne disease.
Norwalk virus has recently been recognized as an important cause of waterborne illness (3, 11-13, 15, 20, 21) (5, 6, 10, 22) . Upon receipt, the inoculum was divided into four samples and frozen at -70°C until use. Seroconversion to Norwalk virus was detected by radioimmunoassay (5, 9) . Assays were performed under code in the laboratories of N. R. Blacklow (University of Massachusetts Medical School) and G. W. Gary (Centers for Disease Control).
Reference viruses preparation and assay. Two strains of rotavirus (Wa [human] and SAil [simian], poliovirus type 1 LSc2ab, and bacteriophage f2 were used as reference viruses in the disinfection studies. The rotaviruses were prepared as x 10 concentrates from MA-104 cell cultures and were detected by plaque assay in MA-104 cell cultures as described previously (14) . Poliovirus was also a x 10 concentrate prepared from and assayed in cultures of BGM cells (16) . The bacteriophage f2 was harvested from a lawn of Escherichia coli Hfr bacteria and filtered through a 0.45-,uwm (pore size) membrane filter. Bacteriophage f2 was detected on the same host bacterium by plaque assay (1). Viruses were not purified further to simulate actual field conditions in which viruses are associated with particulate matter and may be aggregated. Each reference virus was suspended in sterile phosphate-buffered saline. The amount of chlorine required to yield a free chlorine residual of 0.5 to 1.0 mg/liter after 30 min was determined by diluting stock virus in sterile demand-free water, dosing with chlorine, and measuring the residual chlorine after 30 min of mixing. Since only a small amount of Norwalk virus inoculum was available, a mock inoculum of stool suspended in veal infusion broth (6) was used to determine the required dose of chlorine to be added to the Norwalk virus inoculum. known about the environmental transmission, stability, and inactivation of Norwalk virus in water. In fact, the virus has not yet been classified into a known family, and although previously thought to be a parvovirus, recent evidence indicates a relationship to the caliciviruses (8) . The apparent lack of information on Norwalk virus is due to the absence of a widely available assay system, the scarcity of reagents, and the need for volunteers to study infectivity. Waterborne outbreaks of illness due to Norwalk virus have been associated with swimming in a lake, drinking contaminated water or ice-containing beverages, septic tank contamination of spring or well water, swimming in a pool with inadequate chlorination, and municipal water systems (3, 11, 12, 17, 20, 21) . These data suggest that the survival and migration of Norwalk virus in soil and water systems is similar to that of other enteric viruses.
The results of this study indicate that Norwalk virus present under naturally occurring conditions in a contaminated water supply may be highly resistant to chlorination and that routine chlorination alone cannot be relied upon to inactivate Norwalk virus. The resistance to chlorination exhibited by Norwalk virus in this study is most likely due to the aggregation of virus particles in the inoculum, a condition which reflects actual contamination of a water supply with human wastes. Studies of the inherent resistance of Norwalk virus in monodispersed preparations must await the development of in vitro cultivation systems.
It is also significant that three volunteers seroconverted without apparent signs of illness. In a waterborne outbreak, such persons could serve as "silent" sources of infection. These conclusions are supported by the only report (W. E. Woodward, personal communication) of a waterborne outbreak of Norwalk virus in which disinfection data were recorded before and during the outbreak. In a camp in Maryland, water pumped from a 95-foot (ca. 30-m)-deep well to a storage tank was found to contain 0.7 to 1.0 mg of iodine per liter before and during an outbreak, which affecting ca. 133 persons and suggested that, under field conditions, Norwalk virus also is very resistant to disinfection.
In this study, it was not possible to measure the titer of the inoculum used in terms of infectious units; therefore, the level of disinfection can only be interpreted as inactivation of an infectious dose. Norwalk virus antigen in this inoculum, a 2% stool filtrate, has been detected by radioimmunoassay at dilutions of up to 1:125 (9) . The dilution in this study was 1:2,000. The minimum infectious dose of Norwalk virus is unknown, as is the exact nature of the immune response and duration of protection (4, 5, 18) .
In addition to Norwalk virus, rotaviruses and hepatitis virus are the most important causes of viral water-borne infection. Based on our data and that of others, Norwalk virus and hepatitis A (7, 19) 
